Abstract-An algorithm for directly calculating third-order noise operation spectra, which includes no evaluation of the third-order correlation function as a preliminary stage, is found. For the Ershler-Randles circuit, an expression is found, which links bispectra of the equilibrium electrode potential fluctuation determined in the imaginary and real axes of the Laplace plane. Advantages of using the Laplace space in studies of the fine nonGaussian structure of random time series are discussed.
INTRODUCTION
Nowadays information technologies make fast strides connected with the measurement and analysis of the intrinsic noise in systems of diverse nature, which are important not only for modern electronics but also for numerous fields of science and technology, including biophysics and fatigue tests of materials [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Considerable interest is devoted to a fine non-Gaussian structure of the intrinsic noise [11] [12] [13] [14] [15] [16] [17] . The noise information technologies are on the increase in electrochemistry as well [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
In this work we will develop a theory for analyzing non-Gaussian noise in the Laplace space [29] . We will deal with measuring third-order operation spectra or, which is the same, measuring the operation bispectra [30] [31] [32] . We shall discuss random time series with both continuous and discrete time. The theory of secondorder operation spectra was dealt with in [24, [33] [34] [35] .
THE FOURIER AND LAPLACE BISPECTRA
The Fourier bispectra 〈 y ν − ω y ω 〉 depend on frequencies ω and ν . They are defined by equations (1) and (2) for continuous ( t ) and discrete ( t = mt 0 ) time ( t 0 is the sampling interval) [36] :
Here, j = and 〈 y (0) y ( t 1 ) y ( t 2 ) 〉 denotes a third-order correlation function of a random steady-state process y ( t ) that has a zero mean. By y ( t ) we will understand either the electrical current or voltage fluctuations. In equation (2), t 1 = mt 0 and t 2 = nt 0 .
The operation bispectra correspond to the substitution of the Laplace frequencies p and q for the Fourier frequencies ω and ν : j ω p and (-j ν ) q . The integration (summation) range changes as well: a onesided operation replaces a two-sided one. From (1) and (2) we define the operation bispectra as follows:
Here, 
) by definition. A third-order cumulant function 〈y(0)y(t 1 )y(t 2 )〉 can be found over the entire time plane (t 1 , t 2 ) when it is known in the first quadrant [36] . Therefore, a Laplace image of the cumulant function K(p, q) with Laplace frequencies p and q uniquely defines the initial cumulant function 〈y(0)y(t 1 )y(t 2 )〉.
RANDOM SERIES WITH CONTINUOUS TIME The Laplace transform Y(p) of the initial random process y(t) (7)
is a random quantity. We will use it for constructing a third-order cumulant
Here, p, q, and r are operation frequencies, and the angle brackets imply the averaging over an ensemble of realizations. We assume that the steady-state random processes under discussion are ergodic. Therefore, an averaging operation means the averaging either over an ensemble of identical stochastic systems or over an ensemble of long observation times concerning a single stochastic system.
The integral in the right-hand part of (8) can be written as the sum of three integrals
We will first calculate J 1 :
After replacing the integration variables, then t 4 = t 2 -t 1 , t 5 = t 3 -t 1 therefore, (11) similarly, and the third-order cumulant we sought for is
We set all operation frequencies in (12) equal to each other: q = r = p. This gives the algorithm
for calculating the operation bispectra at identical operation frequencies. Setting r = q in (12), then
By combining (13) and (14) we come to general algorithm
for calculating the operation bispectra that depend on two independent Laplace frequencies p and q. As the integrals with exponential functions rapidly converge, the final realization interval for random process y(t) can be considered as infinitely wide.
